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CHEMISTRY Off THIQifITROSYL QUOPP 


INTRODUCTION 


Thionitrosyl radical with one impaired electron 
unlike its homolog, viz. NO, polymerizes so readily that 
it is not possible to isolate it as monomer solid or liquid 
and even in the gaseous phase, it has only a transient 
existence Ci]. As a result of this, the studies pertaining 
to the structure, bonding and the reactivity of thionitrosyl 
have always been challenging and despite the large interest 
in the chemistry of thionitrosyl, the amount of work in this 
field is relatively much less and fragmentory. 

Although several important reviews of the compounds 
containing sulfur and nitrogen £l-13j , covering the chemistry 
of polymeric sulfur nitrides and those of sulfur-nitrogen- 
fluorine [14-20] have appeared in the literature, but there 
has been no comprehensive review exclusively on thionitrosyls. 
In the present review, our main aim has been to provide a 
comprehensive account to December 1979 of syntheses, physical 
properties, chemical reactions and structures of thionitrosyl, 
its ions and the transition metal thionitrosyl complexes. 


* In this review the term 'Thionitrosyl 1 is employed as a 
general name for the compounds of the NS group. 
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( a) Syntheses and General Properties 

The thionitrosyl ' radical, like NO, H # I NC >2 and 
CIO^ can also exist as NS + or NS“ formed respectively by 
loosing or gaining an electron and therefore most of its 
properties should be approximately similar to those of NO. 
The presence of NS was observed for the first time by Fowler 
and Barrow in 1932 while studying the band spectrum of the 
emitted light after passing an electric discharge through 
a mixture of nitrogen and sulfur vapors. They observed a 
resemblance of the band spectrum with that of NO 03 and 
concluded the presence of NS in the mixture. A few other 
methods for its formation have since then been developed. 
These are: 


(i) By passing an electric discharge through SFg or 
sulfur vapour and nitrogen ^21, 22, 23, 24^ 

(ii) By the interaction of sulfur vapour, HjS or SCI 2 
and active nitrogen ^25, 29, 26, 22, 27^ 

(iii) By photolysing a mixture of COS and NF^ 28 

(iv) By volatilization of (SN) x OJ 

(v) By thermal pyrolysis of S^N^ over quartz wool 

and silver wool at a. temperature greater than 300C^31^J 

4 * — 

Evidence for the. formation of SN and SN ions 
was provided for the first time by Dressel £ 32j and 0‘Hare ^33j 
respectively during their spectroscopic studies. Subsequent 
work by other workers [ 34 - 37 ] led to the isolation of a 
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number of ionic salts containing NS + ion which will be 
discussed at a later stage in the review. 

NS bond length (149.7 pm) calculated from its 
spectroscopic moment of inertia is shorter by 24-28 pm 

than the sum of the single bond covalent radii of nitrogen 
and oxygen. It suggests the bond order of NS between two and 
three which is parallel to that of NO because of the similar 
electronic structures of NS and NO molecules (Three bonding 
MO fully occupied and an odd electron in the antibonding MO) » 

2 

The ionization potential for the process, NS( Tj~ ) 

NS + (^- ) + e at 0°K is 9.85 e.v. jj39^ . This value is 

slightly greater or similar to that for NO ? NO + e 

(9.8 e.v.) [40-41] an< ^ aS l esser than that for N 2 — * N 2 + e” 

(15.5-17.2 e.v.)* [4 2] or that for 0 2 » 0* + e~ (12.2-18.2 

(12.2-18.2 e.v.) [43 J , The lower. value of the ionization 

potential of NS than that for N^ or 0^ and similar to that 
of NO reflects the loss of an odd electron from the antibonding 
MO of NS or NO to produce more stable ion which is isoelectronic 


* The range in the value of the ionization potentials of 

N 2 and 0 2 is given. The exact value will depend on the 

4 “ 4 * 

electronic state of the ion (N 2 or 0 2 ) . 
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to CO or N^* The ionic character of the NS bond (24%) 
calculated on the basis of Pauling's criterion [44^ may be 
compared with that of PS bond (42%).. This decrease in the 
ionicity of the bond parallels the difference between the 
electronegativities of phosphorus and nitrogen. 

(b) Thermodynamic Properties 

The thermodynamic properties of NS, NS + and NS*" 
have been studied both theoretically and from the spectral 
and thermochemical data by O' Hare £3ST). The data relating 
to these properties are given in Table 1. 

The dissociation energy of NS molecule was determined 

using Hildenbrand and Murad relationship [45] (4.8 e.v.) 

which is in excellent agreement with the one obtained by 

the method proposed by Gaydon [46j (4.79 e.v.). Equatioh, 

D° (NS + ) = D° (NS) + I (S) -I (NS) was subsequently applied 
o o 

to calculate the heat of dissociation of NS (5.31 e.v.) . 


D°/D° = — — + 0.448, where D° is the true 

O LBX r & I ( S )_E (N) . ° 

dissociation energy; D^, dissociation energy determined 
by the Lenear Birge-Sponer extrapolation of spectroscopic 
data method 53 ; r g equilibrium intemuclear distance 

(1.4957 A for NS);l(S), ionization energy of sulfur 
(10.36 e.v.) and E (N) , electron affinity of nitrogen 
(0.04 e.v.) 54 
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— 3 4 — 2 

Dissociation of NS ( ^ ) to give N ( S) and S ( P) 

involves the uncoupling of the same number of electron 

pairs as those in the dissociation of N0~ ( ) to N ( 4 S) 

and 0 ( P) . Assuming the molecular extra correlation 

energy, ^^cor* "*'^ e same f° r k°th the processes, the 

dissociation energy, D(NA) and the electron affinity of 

NA and A (where A is 0, or S) were related as D(NA )=D(NA) + 

E a (NA)-E a (A) . Using the data of NO [47-523 ' A E cor was 

calculated for NO** which was also assumed to be the same 

for NS*“ (0.1333 e.v.) . Combination of the Hartree-FoCk 

energies of N ( 4 S), s“ ( 2 P) and NS - , yielded D(NS) from which 

the value of D(NS*~) (4.05 + 0.2 e.v.) was calculated after 

the addition of /S. E cor -( NS ) to D(NS) . 

Using similar relationship O' Hare has calculated 
the heat of formation of NS and NS + (Table 1). O' Hare's 
value of £*H f (NS + ) was slightly higher than that obtained 
by Hob^ock, Shankal and Kiser [553 ( 10 * 9 e.v.). He ascribed 

this difference between the two value to the incorrect 
assumptions made by Hobrock, et.al., in their calculations* 

mm 

Ab initio calculations for NS, NS and NS based 
on the Hartree-FoXk Roothan approach by various workers [56-6o3 
yielded the values of the ionization potential, and the 
dissociation energy in excellent agreement with the ones 
obtained by the experimental data. 
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It is interesting to note the D(NS) is less than that of 

/ 4* \ 4“ 

D(NS ) . Since NS has one less antibonding electron than 
in NS, the lower value of D(NS) is not unexpected. This 
type of lowering in the values of dissociation energies of 
the singly + vely charged species was also observed in other 
diatomic molecules which are isoelectronic with NS e.g. SiF, 

PO, CC1 etc. The same trend is also observed in the values 

-I- 

of this ionization potentials of NS and NS . 


The Electronic Structure of NS and Related Compounds 

It is interesting that in contrast to its homolog , 

NO, having the same number of valence electrons, thionitrosyl 

molecule has only a transient existence in the gaseous phase. 

In solid or liquid phase it polymerizes too readily into 

S N 0 , S.N. and (SN) and is therefore not possible to isolate 
2 2 4 4 3C 

it. Further, S 2®2 f un -*-^-- k:e N 2°2 / a colour l ess crystalline solid, 
is highly explosive if not pure and undergoes polymerization 
into (NS) via S.N.. The geometries of these molecules are 

2C vr ft 

summerized in Table II. Several attempts |^24-26, 64, 70-72]have 
been made to understand the electronic factors which lead 
to such a behaviour of NS. 
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Monomer NS is a paramagnetic molecule having a 


doublet 


T T 


1/2 


ground state with the lowest excited state, 

-1 


Tf3/2 223 cm - ' 1 ' above the ground level. A calculated 

electronic configuration of the ground state of NS is 
16^26^36^1 ' 77^2 TrV where the valence electrons of only nitrogen 
and sulfur are considered. In the molecular orbital description 
of NO 36^ and 1 jf" levels are reversed, although the energy 
distance between them (36^ and 1 jf ) is small in both the 


molecules ^73~| . The calculations indicate that the sulfur 
d-orbital participation in the bond formation of NS is small 
( /10%) . With the result its effect on orbital energies is 
less than 0.3 e.v. (Fig. 1). However, for S 2 N 2 the extent 
of d orbital participation is relatively larger though still 
of minor importance. A charge distribution analysis in each of 
the MO as well as the total charges on sulfur and nitrogen in 
SN shows that the charges in the sulfur and nitrogen spheres 
are within a few percent of each other for all the molecular 
orbitals. Consequently, since the number of valence electrons 
on atomic sulfur is one more than that on atomic nitrogen, a net 
charge transfer (equivalent to approximately 0.5 electron) 
takes place from sulfur to nitrogen, which is in comformity 
with the electronegativity values of sulfur (2.5) and nitrogen 
(3.0) . It will, thus, lead to a high value of the dipole 

(+ C~ 

moment of SN (S - N ) ( Experimental value of dipolemoment 

of SN is 1.86 D T 68*1 . The situation in NO is just opposite 
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to that of NS. The charge distribution in nitrogen and 
oxygen spheres in NO is less even and the calculated value ■ 
of charge transfer is approximately equivalent to 0.32 electrons. 
This will result in a lower value of dipole moment of 
N - O ^the observed value of dipolement of NO is 0.1 6D J . 

The direction of dipole moment of NO is opposite to what one 
would expect on the basis of the electronegativity values 
of nitrogen (3.0) and oxygen (3.5). Hartree and FoCk 
calculations [^74, 7 5‘^ predicted that the dipole moment of 
NO will be small and of opposite sign to that predicted by 
methods which include correlation effects. Thus, the dipole 
moment of NO depends on the detailed behaviour of electrons 
rather than on the net electronic charge in a some what 
arbitrary volume around each nucleus. 

The, structure of $2^ Pl aner square with alternating 
sulfur and nitrogen atoms and a bond distance of 1.65 A) could 

f- 

be due to aligning of two S - N molecules in such a way 
that the two dipoles interact in an electrostatically 
favourable manner. This type of alignment will not be stable 
in case of which is actually a loosely bond trapezoidal 

arrangement of N and 0 with the shortest distance (2.18 A) 
between two nitrogen atoms [" 76, 84*} . Despite the chemical 

binding in S 2 N 2 as more com P lex than the simple dipolar 
interaction/ it seems that one of the main factors controlling 
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the relative geometry of S 2 N 2 and is electrostatic 

in nature. A charge distribution study in shows a net 

charge transfer of 0.48 electron per atom from S to N. A 
CNDO/2 localized MO study of S N 2 leads to the conclusion 
that the molecule is formed from 6 ~ electrons in three 
center bonds and four unshared pairs of electrons superim- 
posed on a square planer (D 2h symmetry) bond structure 
£82-84} . The physical and chemical properties of disulfur 

dinitride have been subject of several studies [85-llo] . 

A considerable amount of work (both theoretical and 
experimental) has been done on the structure of S 4 _N 4 QLll~13l). 

It is now generally agreed that S 4 N 4 has a structure with 
four coplanar nitrogen atoms and four sulfur atoms alternati- 
vely above and below the plane. However, the question of 
the electronic structure and the nature of bonding are still 
open. Various workers £118—121^} have found a different 

l 

net charge transfer from sulfur to nitrogen (0.328-0.56 electron) J 

I 

All the methods indicate substantial S-S orbital overlap and 
little or practically no N-N bonding interaction. All the 
studies of’ the sulfur nitrides relating to their structure 
lead to polar bonds in them. It, further, appears that in 
the polymerization process of SN to (SN) x bond dipolar forces 
determine the geometry of the dimer, S 2 N 2 which is then 
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thermally excited to a low lying high spin state and the 
chain propagation takes place as a result of interaction 
of these excited species followed by their rearrangements 
to yield (SN) structure. 

-X 

(d) Spectroscopic Properties of NS 

A large number of papers related to the microwave,'' 
spectra of NS have appeared in the literature ^132-165^ 

In 1932 Fowler and Bakker ^2l\ have discovered the A x and 
C x systems of NS radical in the light emmitted by an 
electric discharge through a mixture of nitrogen and sulfur 
vapour. Subsequently there have been a number of other 
investigations in the course of which the excited valence 

2 2 2 — 2 2 + 

states B -ff- , A ^ , G , H jj- and I have been 

2 

identified besides the ground X jj- . Rosen has compiled 


* The dipolemoments of NS” and NS + are 0.09D {^3 3 3 a ^d 3.893 D 
respectively. The change of dipole racmencs of NS from 1.84D 
(theoritical 1.73D £'68'} to 0.09D for NS~ is consistent 

with the addition of one electron primarily at the sulfur 


end of the molecule 
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all the spectroscopic data of NS molecule upto 1969 in the 

book "Spectroscopic Data relative to diatomic molecules i 1 

+ 

Furthermore a low lying 2 has also being reported 
which has been named as state. The observed states, 

X, B, A, G, H and I are associated respectively with the 
theoretical states 211(1), 27 f( 2 ), 2^(1), 2^(1), 2 7 T ( 3 ) 
and 2 W*" ( 2) . 


The electronic emission spectrum of NS has been 
discussed by Joshi, et.al. \ 22 ~\ . The electronic states of 
NO and NS are shown in Fig. n , 


The i.r. spectra of NS radical showed a very weak 
band at 1225 cm” (the vibration frequency of the 

gaseous NS molecule ^70,166,167"^ is given as 1204.1 cm ^) . 

Very little information is available in the literature 
concerning the ionic state of NS, the only ionic state to 
be even partially characterized is the ground state, . 

The band associated with the first ionization potential of 
the NS molecule corresponding to the ionization 

NS + (X^^ + ) NS( < X' 2 '|f ) has been observed by photoelectron 

spectroscopy using Hel and Nel photon sources £l6oJ . The 
vertical ionization of this band has been measured as 
8.87 + 0.01 e.v. and the position of three vibration 

— 1 

components associated with this band leads to We=( 1415+20) cm 
and V«^Xe= (15+10) cm” 1 for the NS + (X 1 ^- 4 " state). The 
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increased value of We compared with the neutral molecule value 
of 1219 cm*" -^72^ is, as expected, consistent with removal 
of an electron from an antibonding orbital and is directly 
analogous to the corresponding increase in vibrational 

2 JL 1 JL 

frequency on going from NO (X jj ) to NO (X ■sp ) 

The potential energy diagram (Pig. Ill) has been 

4" 1 4* 

constructed by using all the NS ( ) parameters „ An 

2 2 

average of the parameters of the X' 7 Ti/ 2 and X ^*3/2 states 
has been taken in drawing this diagram. Also values of 

the dissociation energy and first ionization potential of 
S(^P) have been taken as (4.87 + 0.25) ev (j38,64jand 
10.357 eN/.£63~3 respectively. 


(e) Electron Paramagnetic Resonance 

Carrington, e t. al. , first observed the electron 
paramagnetic resonance spectrum of NS obtained by the 
action of nitrogen atoms with hydrogen sulphide in a 
spectrophotometer cavity, [jL6 9- 171^ and by reacting N-atoms 
with Uehare and Merino[l723 have detected an 

intense electron paramagnetic resonance spectrum of NS in 
the gas phase by passing a mixture of and SCI 2 through 
a microwave discharge cavity and then through a spectrometer 
cavity. The electron paramagnetic resonance spectrum of NS 
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consists of three triplets and the position of the centre 
of the spectrum indicates a g factor close to 0.8 (the value 
expected for a molecule in a 2jf2,/2 state lo we st 

rotational level with J=3/2 ) . The analyses of ultraviolet 
spectrum of NS shows that the ground state is actually 
2jj- ^/2 state. The electron spin g factor g e of NS lies 
probably between the free spin g factor and the electron 
spin g factors for 0 2 [l73’] or for SO(i743. (Fig. IV) NS radical 
would be expected to have an electronic structure similar 
to that of NO and molecular parameters for the two species 
are compared in Table III. 
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Table II. Geometries of SN, and 




r SN 

SNS 

NSN 

SN 

C c«5 V 

1.495 

- 

- 

S 2 N 2 

D 2h 

1.620 

95 

85 

S 4 N 4 

CSJ 

Q 

1.616 

113 

105 


Table III. Molecular Parameters for NS and NO 


NS • NO 

— 1 -1 

Rotational constant B q 0.7724 cm 1.6957 cm 

■i 

Fine structure constant A 223.0(3) cm 123.160+0.02 cm 

Hyperfine constant h 56.8+0.5 MHz 75.81 +0.24 MHz 

Quadrupole coupling 3. 1+0. 5 MHz 1.8 +0.3 MHz 

constant Q 

Dipolemoment u 1.732 D 0.158+0.005 D 



\c 



Fig. 1 Orbital energies for the molecular 
orbitals of N$. 


^ <£- csrlxtcJL C&rdhrt buXi'atu 



n 



Fig. II Electronic states for NO and 
NS molecules. 
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Ionic Compounds 


In 1971 Glemser and Koch' 35^ for the first time 
obtained the ionic compound of NS + by the reaction of NSF 
with AsF 5 * A number of other methods for the syntheses of 
such salt like compounds have since then been developed* 

The best results were achieved by reacting NSF with the 
Lewis acids MF^ ^M=As or Sb^J or BF 3 in the gaseous phase at 
reduced pressure '^36, 37,175’] . For preparative purposes 
these salts could best be synthesized by the reaction of NSF 
with MF(- in liquid S0 2 * A yield upto 90-100% can be attained 
by this method. 


The thionitrosyl compounds , (jsrsf # jAsF^, jNsJ^fSbF^ or 
NS BF”, were also obtained by the action of tri or tetramer 
of NSF with an excess of AsF^, SbF^ or BF^ respectively £jL76} 


n 3 s 3 f 3 + mf 5 


n 3 s 3 f 2 mf 6 - 


+ 


180 C 


-» N 3 S 3 F 2 MF 6 (M=As or Sb) 


» NS + MF " 
0 _ 6 


( 1 ) 

( 2 ) 


or N 3 S 3 F 3 + BF 3 


N 3 S 3 F 2 BF 4* 


+ N 3 S 3 F 2 BF 4 


+ 


NS BF 4 


and N 4 S 4 F 4 + MF 5 Cor BF 3 ) f N 4 S 4 F 3 ^6 or BF 4 


(3) 

(4) 

(5) 


N 4 S 4 F 3 ^61 




NS + MF“ bf“ ) 


( 6 ) 
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Purification of NS + AsF“ can be affected by subliming 

O 

the crude product at 40°C under reduced presure whereby a 
stable colourless waxy solid which can be kept without 

decomposition for years in dry glass vessel, was obtained. 

+ — 

The purification of NS SbF^ was accomplished by heating it at 
100°C and the residue, thus left, is crystallized either from 
liquid SO^ or from SO^CIF. Tetrafluoro derivative is not 
stable even at low temperatures and it could, therefore, not 
be purified by recrystallization. 

The ionic nature of these compounds was confirmed by 
the following experimental techniques. 

(a) Raman spectra : The Raman spectra of all these salts 

showed one band in the region 1435 cm which was assi- 
gned to * T ^is band appeared in the spectrum of NSF 

at a lower frequency (1372 cm ) . From these band positions 

■A* i\ 

the valence field force constants of the NS and its bond 
order were calculated. The results indicate a considerable 
strengthening of NS bond in NS salt like compounds, which further 
confirms the ionic nature of the salts. The frequencies of 
some of the compounds are shown in Table IV. 


** f(NS + ) in NS + AsFg=11.85 Dynes/A° f(NS) in NSF=10.71 Dynes/A° 
Bond order, n(NS + ) =2. 6 


Bond order of NS; nNS= 2. 4 
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*1 Q 

(b) NMR Spectra : There appeared no signal of F x between 
+350 to -440 ppm, characterstic to SF. It has therefore been 
assumed that there is no bond between sulfur and fluorine. 

iQ 

(c) Exchange Reactions : The lack of exchange of F between 
the anions of these compounds and (AsFg“) further confirm 
the ionic nature of the compounds. 

Since attempts to obtain a single crystal of these 
compounds failed, no single crystal x-ray structural studies 
was thus far reported in the literature. 

Thionitrosyl salts have been used to introduce 
thionitrosyl group into other molecules. Synthetic possibi- 
lities by these ionic compounds include reactions with anions, 
nucleophiles and with compounds having polar bonds. Thus, 

(i) Reaction of thionitrosyl cation with anions 

The reaction of NS + AsFg"* with NO^CCF^SO^) in liquid 
sulfurdioxide yielded a colourless product, NS^CF^SOg] 

(m.p. 120°) which was purified by sublimation (30°C/0«01 torr) . 
It was extremely hygroscopic and sensitive to hydrolysis. 

The ease of sublimation was taken as an indication for its 
being monomer at least in the gaseous phase. The presence 
of a band in its Raman spectrum due to Vhs + at 1443 ^ 
is in support of its being an ionic compound. 
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(ii) Reaction of thionitrosyl cation with nucleophiles 

Insertion of NS unit into S^N 4 gives yellow pentathiazyl 
salts in the yields of about 80%. Thus, 


NS MF, 


+ S.N. 
4 4 


S0C1 r £• 

Z — ^ f - N ." b 


’ > + - Sen 3 mf* 


s c n c + -mf/ 

5 5 6 


(7) 


M=As (yellow solid m.p. 267°C) or Sb (yellow solid,m.p. 175°C) 


The formulation of the intermediate product in these 

reactions is quite arbitary because both are simply addition 

4* 

of the nucleophile, S^N^, to sulfur of NS: to form either 

linear cationic thiazenes or a cyclo addition product of NS: 

to S^N^. When the same reaction was carried out in liquid 

/ \ + — 

SC> 2 , the reaction product was a black solid, (S^N^) AsFg 
(dec 110°C) together with other unidentified substances. The 

i.r. spectrum of S^N^AsFg showed a strong band at 700 cm”'*' 

- -1 

characterstic of AsFg group and a broad band at 850 cm 

indicating its polymeric nature. The ratio of NS:AsFg in the 
black compound can be varied by changing the stoichiometry of 
the reacting species. A drop in this ratio (increase in 
charges of the polymer) was associated with a shift of 
position of V ban<i towar< ^ s higher wave numbers. 
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(iii) Reaction of the thionitrosyl cation with polar bonds 


The reaction of S 2 C1 2 with NS + MF 6 “ gave N(SC1 2 ) + MF 6 " 
(M=As or Sb) according to the following reaction : 

b+ 


SC1 2 + NS + MF” 


Cl V C1 


+ 
N S 


MTV 


> s-n=s n [mfJ 


Cl 


Cl 


[ 


Q 

■ + c 


S •' 

Si 


MF" 


Cl 


} ( 8 ) 


The synthesis of the cation, ^N(3C1 2 )] + [^77j was 
first accomplished as tetrachloroborate from the reaction 
of NSF 3 and BCl^. It can also be obtained from SC1 2 , (NSC1 ) 3 
and MC1 3 Ql78,179] . Thus , 

S 3 N 3 C 1 3 + 3SC1 2 + 3MC1 3 > 3 £ N(SC 1 ) 2 J + [ MC1 J (9) 

M = Al, Sb, As 


The compound j^N(SCl) 2 "f [MF^ - which can be regarded as 
derivative of : C1SN = SC1 2 or C1SN = SC1F , decomposes 
on reacting with N0C1. 


The reaction of NS + MF~ with SC1 2 can be generalized 
for sulfenyl chloride. Thus, the salts £CF 3 SNSCl] (MF ^ 
and QCF 3 ) 2 C=N-SNSClj + MF” were prepared by reacting 
NS + MF “ with CF 3 SC1 and (CF 3 ) 2 C=N-SC1 respectively ^180~] . 
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Table IV. Thionitrosyl Cations 


m.p. 

o c Colour 


Raman 



Reference 


NS + AsF~ 

6 

NS + SbF~ 

6 

NS + BF“ 

ns + cf 3 so“ 

NS + A1C1~ 

NS + FeCl“ 

NS + GaCl 4 


- 

Colourless 

1437 

34/ 35 

- 

Colourless 

1448 

175 

- 

Colourless 

- 

36/37 

120°C 

Colourless 

1443 

175 

- 

- 

- 

181 

- 

- 

- 

181 

_ 

Mir 


181 


181 
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Covalent Compounds 

The chemistry of the compounds containing nitrogen 
sulfur and halide (halide = Cl or F)is mainly concerned with 
the covalent compounds of thionitrosyl. There are three 
principal covalent compounds of NS viz. NSF, NSF 3 and NSC1 
which we shall discuss here; 

Thionitrosyl Fluoride NSF 

The literature methods of synthesizing this compound are 

(a) Fluorination of compounds containing NS bonds 

AgF 2 £ 36,182^ * COF 3 (363 ana HgF 2 [183] can fluorinate 
S 4 N 4 producing NSF. 

CC1 

S.N, + 4HgF„ ^ 4NSF + 2Hg 2 F 2 (10) , 

4 4 Reflux 

Other compounds used as fluorinating agents are SeF^, F 2 184 , 
SF 4 £184,185^, IP 5 and SbF 5 « The latbr two agents give 
first adducts, viz (NSF) 4 S 4 N 4 or S 4 N 4 ^ SbF s ^4 which 9 ave NSF 
when they are thermally decomposed [l86] . 

(b) By reacting SF 4 with NH^ 

SF, + 4NH 3 » NSF + 3NH 4 F (11) 

4 J streaming 

5 + 4AgF 2 + 4NH 3 cc ' i ' ^ NSF + 3NH 4 F + 4A 9 F 


( 12 ) 
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(c) By reacting NF^ with sulfur or metal sulfide £l88—i903 


NF 3 + 

3S 

350-400 v 

/ 

NSF + 2SF 2 

(13) 

M0S 2 + 

NF 3 

280 

— ^ 

NSF + M0F 3 

(14) 

NF_ + 

cos 

(or CS ) 

t — > NSF 

(15) 

3 


2 

photolys xs 



In the course of these reactions other side products difficult 
to seperate were also obtained. Maximum yield was found to 
be 20-30%. 


(d) By decomposition of compounds containing NSF group 
£36,191-192J 


S „N .F. $ 

4NSF 


(16) 

* Reflux 

oo°r 

COF NSF 2 — * 

cof 2 + 

NSF 2 

(17) 

o 

Hg(NSF ) 0 

^ ^ tT • 

2NSF + 

HgF 2 

(18) 


vacuum 


The last reaction is suitable- for the preparation of NSF in 
the large quantities. 

Thionitrosyl fluoride (m,p. -89°C, b.p. 0.4-°C) is a 
pungent smelling and pale yellow liquid. It is hydrolysed 
with water to give NH 3 , sulfite and fluoride ion probably 
via unstable intermediate, thionylimide ( 3.943 * 
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NSF +• 0H“ 

\ 

/> 

NSOH + F“ 

— HNS0 + F“ 

(19) 

NSOH + 2H 2 0 - 

» 

nh 4 + + so 3 


(20) 


The hydrolysis of NSF with dilute NaOH yielded first a yellow 
precipitate which was dissolved rapidly. It can not be stored 
at room temperature in glass vessels owing to its decomposition 
into SOF^# SiF^ nnd (NSF) 2 * In teflon or copper containers 
it is relatively stable in liquid state but th4£<r trimerization 


also occur slowly. 


/ 




.N 


N‘ : 


S F — S 

^ polymerization 


N« 


A. 

y 

'N™ 


N» 


( 21 ) 


In gaseous state at reduced pressure S^N^ or S 3 N 2 F 2 are the 
products of decomposition [l95, 196*3 • 


Other reactions of NSF are given below : 


(i) 

NSF + AgF 2 

20-100 “ 

NSF 3 [36,197] 

(22) 

. V 


(The reaction can be 

used to prepare NSF 3 ) 


(ii) 

NSF + CsF 

Cl 9 (gas) 

£ * 

C1NSF 2 [ 192] 

(23) 

(iii) 

NSF + CsF 

CH^CN 

C% (NSF 2 )“ [198] 

(24) 

7 


Reactions 

(ii) and 

(iii) illustrates the 

transformation 


of NSF into NSF 2 . 

(iv) NSF 2 + ^2 1 ' ' NSC1 11 ^ 1/3 N^S^Cl^ (25) 

(v) NSF + SbF^/AsFg > NSF.SbF^ or NSF.AsF^ (26) 
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(vi) NSF + BF 3 > NSF BF 3 36,37 (27) 

Reactions (v) and vi) are used in the preparation 
of ionic compounds of NS + ( see section on Ionic 
compounds) 

(vii) The thionitrosylfluoride (NSF) is decomposed by HF[l993 

NSF > H-N=SF 2 H 2 N-SF 3 NH 4 F + SF 4 (28) 

(viii) The thionitrosylfluoride lose F~ and goes over to 
thiazyl cation 

NSF — - > NS + £l9] (29) 

(ix) \ -irradiation of NSF in SF^ give probably NSF 2 and 

FNSF radicals £200^ . 

Kirchhoff and Wilson £2013 determined the molecular 
parameters from IR, NMR, microwave studies and proposed 
structure I . It was further confirmed by LCAO MO ab initio 
studies p 2023 and- CNDO/2 calculations £ 203] , These results 
do not agree with the structure II and III proposed by 
Glemser, et.al. £ 204 ] from their studies and supported by 
Rogowski £2053 on the basis of electron diffraction studies, 
Duke £200 recently observed that NSF is more stable than 
SNF, The observed S-F distance is 1.585A in S0C1 2/ 1,53A in 
sulfunyl fluoride £200 , 1.58A in SF^, 1,50A in S 2 F io anc ^ 

N S distance 1,416A in NSF 3 « It is evident from these 
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results that S-F and N S distances in thionitrosylf luoride 
are significantly larger than the ordinary single and triple 
bonds . 




S 




© 





F 




!X 

s 

f £ * 

A 

N 

s i 

* x 

(ivj 

Fig. V 

The NS force constant f(NS) calculated from microwave 
and IR data has a value 10.7 mdyne/A° (^207-209} from which 
a bond order of 2.4 was calculated feioj . For NSC1 having 
similer structure / f(NS) is found to be 10.0 mdyne/A° and 
bond order, 2.2 {21 f) . Thus, NS bond order depends upon the 
electronegativity of the element attached to sulfur which 
therefore suggests d - p . bonding between N and S. Since 
then structure IV was proposed based on the hypothesis of 
Linnett [212^ . This structure is thought to be the most 
stable configuration of NSF in the ground state as the 
doublet quartet of electrons [213j . The 'dots' represent 


F Pv 

k \ 


the electrons with spin quantum number of +1/2 and the 


'crosses', the electrons with spin quantum number of -1/2 



31 


vice versa. Both spin sets of nine electrons favour 
a bent configuration. The two sets of four electrons around 
ea -ch nucleus can be treated as being uncorrelated and 
spatially related to one another. The electrostatic 
repulsion and the Pauli— principal effect cancel ondjanother 
as far as the spatial correlation of the two sets is concerned. 
The electrons are widely separated in structure IV than they 
are in other structures. 

The enthalpy of formation A H f (NSF) gas, 298-15K) 

41+2 kcal mole [ 213 3 is derived from AH^CNSF^, gas, 298-.15°K) 
and the mass spectrometric appearance potentials [~ 214 ^ * The 
dissociation energy D ns (NSF) = 71 + 5}ccal mole” 1 213^) ; 
dipole moment 1. 9O2 d£ 2O'0 . NHR and electronic spectral 
studies of NSF £ 215^ have also been carried out. 

Thionitrosyl Trifluoride NSF^ 

NSF ^ is the first compound with N-S triple bond and 
in which nitrogen and fluorine, together share six covalent 
bonds with sulfur. 

NSFj can be synthesized (a) by fluorination of N— S 
compounds containing sulfur in +4 or lower oxidation state 
and (b) by the reaction of S -F compounds with excess of 
. It can thus be obtained. 


ammonia 
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(a^) by refluxing tetrasulfurtetranitride with silver* difluoride 
in carbon tetrachloride [36,183,197^] 

CC1 

s 4 N + 12AgF ^ 4NSF 3 + 12AgF (30) 

i ^ reflux 

(a^) by fluorination of thionitrosyl fluoride with the 
silver difluoride ^36, 183 , 197, 216[J 

NSF + 2AgF 2 > NSF 3 + 2AgF 

(a 3 ) by the reaction of C0FNSF 2 with AgF 2 [l98j 

9n° 

0CFNSF 2 + AgF 2 — — > ' NSF 3 + COF 2 + 2AgF 

(b^) by passing ammonia into a suspension of sulfur and 
AgF 2 in CCl^ 

CC1 

NH 3 + S + 6AgF 2 NSF 3 + 3HF + 6AgF (34) 

and (b 2 ) by reducing s 2 F io excess of ammonia 

S 2 F 10 + NH 3 ' ~ ~> NSF 3 + SF 4 + 3HF 

The last method of synthesizing NSF 3 is in particular 
not very much employed because of high toxicity of S 2 F 1Q and 
of the low yield. 


[ 216 , 218 ] 

(35) 


(31) 

(32) 

(33) 
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Thionitrosyl trifluoride is a colourless/ pungent 
smelling gas (m.p. -72.6° + 0.5, b.p. -27.1° + 0.1°). Its 
enthalpy of formation and dissociation energy D(Nr:S) are 
85 kcal mole” and 93 + 2 kcal mole” respectively . 

It is thermally and chemically very stable because of which 
its use as dielectric has been suggested It decomposes 

only above 500°C in glass vessels to give sulfur/ SO^/ nitrogen, 
SiF^ and metallic fluorides as decomposition products ^363* 

It is unaffected by metallic sodium upto 300°C and unlike 
NSF it is not hydrolysed by dilute mineral acids. 

The important reactions of NSF^ are as follows: 

(a) It is hydrolysed by water or by a strong alkali. In this 
reaction proton migration is suggested if a sulfur oxygen 
double bond can form at the expanse of a sulfur-nitrogen 
multiple bond [22(fj . 


NSF 3 + OH 


-F 


/ 

N'SS-^F 

l> 

W 


0 F 
if/ 
HN=S^ 

F 


(36) 


-F 




+ OH 


H 2 

n 

.+ OH’ 
O'-f ^cr-_ F~ 
OH 


H 


H 


0 

N-S-F 4- 
0 


HN: 


1 




NH* S0 4 ‘ 
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(b) It forms adducts with Lewis acids , like BF^/ MFj- (M=As,Sb) 
[_35,37 / 22r] 


NSF 3 + 

bf 3 — 

— > 

F 3 B - NSF 3 

(37) 

NSF 3 + 

mf. 5 — 

— .> 

F 5 M - NSF 3 

(38) 


In gaseous phase these adducts dissociate into their 
components. Their i.r. spectra show a shift in the position 
of ^(ns) towar( ^ s higher wave numbers by about 200 cm”'*' 
which is due to the increase in the N — S bond order from 
2.7 to 2.9. 


(c) It reacts with LiN |Si(CH 3 )^j 2 to yi e 13 

(CHg) 3 Si-N=SF 2 =N-Si(CH 3 > 3 j222) which further reacts with 

one more molecule of LiN ^Si(CH 3 ) 2^2 result i n 9 in the splitting 

of two fluorine atoms attached to sulfur and the formation 

of the aza analogue of S0 3 [ 222 ^ • 


NSF 3 + LiNjSi(CH 3 )Jj 2 



SF 



/ 

\ 


i(CH 3 ) 3 

i(ch 3 ) 3 


(CH 3 ) 3 SiN^ ^NSi(CH 3 ) 3 V 

s 4 — (CH 3 ) 3 Si-N=SF 2 =N-Si(CH 3 ) 3 

Si(CH 3 ) 3 X=LiN|s'i(CH 3 )^l 2 


( 39 ) 
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(d) The fluorine atom of NSP^ can be exchanged with -NR 2 
or -OR group while retaining its N- S bond jj223] 

20 ° 

NSF 3 + 2R 2 NH NSF 2 -NR 2 + R 2 NH.HF (40) 

R = C 2 H^ [?24j , piperidine Jj223^ 

NSF 3 + ROH + (CH 3 ) 3 N NSF 2 -OR + (CH 3 ) 3 N.HF ( 41 ) 

R = C 6 H 5 t 22 ^ 


(e) Boron trichloride reacts with NSF 3 with the formation 


of an ionic 


compound, ^N(SCl)^ + ( / BC 1 4 


4 


2N — SF 3 + 3BC1 3 


20 


~> /n(SC 1)^| + ^BC1^\" + iN 9 +|ci 9 +2BF 


U 


V L 


22 2 


•2 3 

(42') 


Although this reaction is not well understood mechanistically, 
but possibly it proceeds via an adduct formation followed 
by F-Cl exchange on sulfur and reduction of NSF 3 to NSC1. 

The following syntheses of this compound support the reaction 
path 


S 3 N 3 C1 + 3BC1 3 + 3SC1 2 

s 3 n 2 ci 2 + ci 2 + bci 3 ' 



( 43 ) 
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(f) Coordinatively unsaturated transition metal complexes 
react as Lewis acids and add electrophillically £224,225^ 

NSF, 


M(CO) 5 Br + Ag + AsF g M(CO) 5 + AsF 6 


-AgBr 


(44) 


NSF. 


\y 


j'. M(CO) 5 NSF^J + ^As5^ 


(M = Mn, Re) 


These reactions are better carried out in liquid S0 2# and 
in presence of only a small excess of NSF 3 e.g [225j 


SO, 


C 5 H 5 Fe(CO) 2 I + AgAsFg /^5 H 5 Fe (C0) 2 S0 ?) [ As *% 

(45) 

-S0„ NSF- 


M/ 


^H 5 Pe(CO) 2 NSF^ + jAsF^ 


+ 


The thionitrosyl trifluoride complex £m(CO) ^NSF-^j £ AsF §) 

(M 5 = Re) is a colourless crystalline solid. The IR data of 
thionitrosyltrifluoride and a few of its coordination compounds 
are given in Table V # 
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(g) Polar molecules like HP, C1P, etc can be added to N— S bond 
in NSF 3 : 

NSF 3 + 2HF > SF 5 NH 2 

NSF 3 + C1F £ SF 5 NC1 2 

0+ d- a + t>, 

Because of the high polarity of these molecules (H -P , Cl -F 
the first step in these reactions possibly include the addition 
of the cation to nitrogen followed by neutralization of this 
cation by F“ to form mono addition product. 


226 

(46) 

227 

<47) 


NSP 3 


+ X 


k *- 


-> 


XN=^3^F| 


} X-N=SF 4 (48) 


These monoaddition products were, however, not isolated. 
It appears that the tetraf luorideimide adds a further X-F 
molecule with the formation of a hexacoordinated anion 


<(+ 6 - 

X-N=SF 4 + X - F 


-> XN f SFc 

”^x + 



x/ 


(49) 


The compound SF^NSF 2 was also isolated as a result of the 
reaction of NSF 3 with SF 4 in the presence of BF 3 [21 6j . In 
this reaction the addition of the SF 3 cation to nitrogen 
has been proposed as the primary step in the reaction 


mechanism 
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SF 4 + BF 3 


•p :SF 3 BF“ + NSF 3 > F 3 S-N=SF 3 BF" 


nJ/ 


(50) 


F_S=N— SF-. £■ 

2 D 


BF 3 + F 3 S-N=SF 4 


The primary cation, thus, formed should be unstable 

under the reaction conditions and it therefore takes F~ ion 

from the anion to form neutral F 3 S-N=SF 4 » Disproportionation 

then leads to SF C -N=SF_* 

o 2 

(h) The nitrogen of the thionitrosyl trifluoride is protonated 
by HC1 in the presence of AgAsF^ \_22bJ 

SO 

NSF 3 + HC1 + AgAsFg - ^ [HN=SF [ a sF^" (51) 

(i) LiN(SiMe 3 ) (CMe 3 ) reacts with NSF 3 to give S (NSiMe 3 ) ( :NCMe 3 ) 3 
and S(:NCMe 3 ) 3 [ 229 ^ . 


Structure 

The structure of NSF 3 (FigX§f) has been determined from 
the IR ^209, 230^], Raman (23l\ t NMR / 209 ] and microwave 
spectra 1^232^ . 
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The NMR absorption of NSF 3 [209~] lies in the same 
region as that in the spectrum of SF^ suggesting all the 
fluorine atoms to be equivalent and bound to the sulfur atom. 

The molecule has, therefore, symmetry. This symmetry is 

further confirmed by I.R. spectrum [209, 23o} which is similar 
to OPF 3 as regards to the number and the shape of the bands 
Calculation of the S-N bond strength from the force constants 
]_209, 230, 23l) f^ g (NSF 3 ) (12.4 mdyne/A°) and f gp (5.6 mdyne/A°) 
give the bond order of N S; 2.7. These results were confirmed 
by the microwave spectrum of NSF 3 '[232^ . It has a dipole moment 
of 1.91 Debye' . The very short S-N bond distance indicates 
considerable amount of pTT( N )-“ d*J7 (S) overlap (bond order 2.7). 
The electronic spectra of NSF g has been discussed j_23l3 • 

Thionitrosyl chloride 

The preparation of thionitrosyl chloride can be effected 
by any one of the following methods. 

(a) By the action of chlorine on gaseous thionitrosylfluoride 

2NSF + Cl 2 2NSC1 + F 2 (52) 

(b) By the action of S 2 C1 2 ammonium chlodide 

(c) By thermal fisson of S 3 N 2 C1 2 . 
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(d) By the action of chlorine upon S 3 N 2 C1 2 233, 234 . 

S 3 N 2 C1 2 + Cl 2 2NSC1 + SC1 2 (53) 

(e) By reacting S 2 C - L 2 va P our an ^ active nitrogen 233 

S 2 C1 2 + U 2 * > 2NSC1 (54) 


(f) By the thermal decomposition of trithiazyl trifluoride 

N 3 S 3 C1 3 235,236,237 . 

NaS^Cl-, — ^ 3NSC1 (55) 

3 3 3 " " — — 

(g) By chlorination of tetrasulfurtetranitride [238^ 


S,N. + Cl_ — 
4 4 2 


N.S.CU +C1 


4 4 2 2-*r 


-*■ N .S.Cl. 

(56) 

tmmm A A 9 


N 3 S 3 C1 3 + NSC1 

(57) 


(h) By the reaction of thionyl chloride with thionylimide £239^ 


NS OH + 0SC1, 


4 NSC1 + S0 2 + HC1 


(58) 


( i) By the reaction of H 2 NS with trithiazyl trichloride jj24o\ 


H 


2 NS + N 3 S 3 C1 3 _ H ci ~^ NSC1 + 2 N 4 S 4 


(59) 


Properties 

Thionitrosyl chloride, a greenish yellow gas, readily 
polymerizes to form a stable trimer £236,241,2420 . 


3NSC1 


N 3 S 3 C1 3 


(60) 
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It is moisture sensitive and readily hydrolysed by water 
to form HNSO, NH* and S0 3 j_239j 

NSC1 + H 2 0 > HNSO + HC1 

HNSO + 2H 2 0 -> NH* + S0 3 


( 61 ) 

(62) 


The values of the entholpy and entropy change in the formation 
of NSC1 from trithiazyltrichloride areAH=21.9 + 3.0 kcal/mole 
and AS°(NSC1) = 71 p 5 + 9.4 cal/deg/mole respectively. 

NSC1 is known to react with S 2 C1 2 L 233 3 according to the 
equation 

2NSC1 + S 2 C1 2 -> S 3 N 2 C1 + Cl" + SC1 2 . 


The absolute entropy of NSCl(g) has been calculated from 
spectroscopic data jfj 243] as 63.66 cal deg” 1 mole** 1 . 

The pressure of NSC1 vapour in equilibrium with solid 
N 3 S 3 C1 3 is measured in a static system at 31° to 60°C [J244Q . 

A plot of log P NSC1 vs t ^i ves a straight line (Fig. VII ) 
through the points corresponds to the equation 

P NSC1 = 12 * 321 “ From this H f (NSCl) =46. 2+1.5 kcal/mole 

-1 -1 

and S (NSC1) =129.6+4.8 cal deg mole were calculated 
for the reactions 


S 3 N 3 Cl3(S) 


•> 3NSCl(g) 
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The i.r. spectrum of NSC1 [36,245-247] shows 

absorption bands due to ^ (NS) / tfsci) and ^(NsJ) at 1320 cm_1 / 

-1 -1 ' 

412 cm , 269 cm respectively. 


S tructure 

NSC1 should be non linear according to Walsh rule 248 

with C point group. Accordingly its i.r or Raman spectrum 
s 

shows three allowed bands* |rom the positions of these bands 
(1320, 412 and 269 cm~ d )^ j^orce constant were calculated by 
neglecting the cross terms in the potential function (Table VI) . 
Because of the very high force constant, (f NS =10.02 mdyne/A°) 
^249'] and bond order (NS^=2.3) values structures (i) and 
valence bond structures II & III and not the SNC1 are 
proposed for thionitrosylchloride • 


Jr 



(i) t.n) (in) 


Fig. VII 




Table VI. 


Vibrational frequencies (in cm ) and force 
constants (m dyne/&) for NSCl 


Vibration 

Frequency 

Fundamentals 

Force 

constants 

i^NS 

1333. 0(R) 
1323. 8(Q) 

1316. 0(P) 

1324.5 

10.04 

+ 0.07 (F. 

i'sci 

423.9(H) 

414. 4(Q) 
405.6 (P) 

414.8 

1.49 

+ 0.23 (F 




271.6 
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These structure are similar to those of thionitrosyl- 
fluoride. The structures of thionitrosylhalides are different 
from those of nitrosyl halides, NOX where halide atom is 
attached to the nitrogen atom and not with the oxygen [250-25 6 j . 
Microwave spectra [25 l} of the NSC1 was observed by pumping 
the products of thermally decomposing N 3 S 3 CI 3 continuously 
through the cell. The rotation constants were obtained for 
N 14 S 32 C1 35 , N 14 ,S 32 C1 37 , and N 15 S 32 C1 35 in ground vibrational 
state and from there the molecular dimensions were determined. 
These are summarii ed in Table VII. 


Table VII. 

Molecular diamension 

of me 1 


Compound 

n 14 s 34 C i35 

N 14 S 32 C1 37 

n 15 s 32 ci 35 

71ns 

1.4-50 

1.458 

1.448 

7\sci 

2.163 

2.157 

2.164 

|nsci 

117°, 48* 

ns 0 ^' 

117°, 45' 


The S-Cl bond length of NSCl is longer than the sum of 
Pauling's covalent radii (1.04 + 0.99 — 2.03 A ). This 
anomaly in the bond length seems consistent with the fact 
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that the quadrupole coupling constant of the Cl nucleus is 
smaller than the average value for many ordinary molecules. 
This indicates the ionic weak nature of S-Cl bond in the 
thionitrosyl molecule. 


Structural Correlations 

Various attampts have been made to establish a 
relationship between the N-S bond distance ( g) and the 
bond order. Ng ( Fig. x ) in order to characterize the 
N-S bond in NSF / NSF 3 and NSC1. As a result of this a 
relationship between 7l NS and Jj* Ng has been found which 
takes the form /\ NS = 145. r'^* 00 . However this linear 
dependence of ?lj^g an< ^ ^NS £^4/ 124, 258, 25 sQ shall be 
considered only as an approximation. The Table VIII shows 
physical properties and Table IX shows force constants, 
bond distances, band orders bond energies and i.r. frequencies 
for NSF, NSF., and NSC1. The frequency observed for NSF (1372cm " ) 
suggests that its bond order is less than that in NSF g ( 1515cm ) 

and greater than that in NSC1 (1320 cm ) (Fig. X<0 . 
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Table VIII, Physical Properties of NSF, NSF 3 and NSC1 


Compound 

NSF 

NSF 3 

NSC1 

Molecular weight 

65.01 

103.01 

81.46 

Colour 

pale yellow 

colourless 

greenish yellow 

M.P. 

-89 

-72.6+0.5 

mm 

- 

B.P. 

+ 0 . 4+2,0 

-27.1+0.1 

- 

Density 

- 

1.92 

- 

Molar heat of 

volatilisation 

(cal) 

6052+30 

5526+50 


Enthalpy of ' 
formation ^ 

41+2 

kcl/mole 

-85 kcal/mole 

21.9+3.0 

kcl/mole 

Trouton 1 s 

constant 

22.1 

22.5 

- 
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Table IX. Force Constant:/ Bond distance # Bond order and 
I.R. frequencies for NSF # NSF^ and NSC1 


Compound 


f 

NS 

(mdyne/A°) 

'^NS 

Bond energy 

ic 4e 

I.R. 

(crrT^) 

NSF 

1.446 

10.71 

2.4 

71 

1372 






640 






366 

nsf 3 

1.416 

12.55 

2.7 

93 

1S1S(J/ NS ) 






811 , 

i^SF 

775 

NSC1 

1.46 

10.02 

2.2 

- 

1320 






412 






273 


** 


The frequencies are written in order 


r' 


an< ^ 


rax 


NSX 




(crtf 1 ) 
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Metallic and Non Metallic Adducts and Compounds of Sulfur Nitride 


Many reactions of S^N^ or with the compounds ^ Tfe 

transition metals / post transition metals and with Lewis acids 

. is . . 

give ruse ^compounds in which (i) there are S-N ligands or 
(ii) there are adducts molecule of S^N^. These have been well 
reviewed £~1, $3 an< 3 only the main results will be described 
here (Table X) « 


Two type of structures have been found for S^N , adducts 
complexes. X-ray structure determination of S^N^SbCl^ j_26cT) and 
S 4 N 4 3F 3 show that in the solid state they are covalent 

with donor nitrogen and unidentate S 4 N 4 . Conductance measure- 
ments have established jj2.62 } that in solution some compounds 
are ionized. Several other structures are possible in the solid 
state and in solution/ for instances/ (l) ^263^ / (II) ^260 j and 
especially for 'soft' Lewis acids, structures which include 
donor sulfur. 


Cl 



N .S . 
4,4 


l* i 


Cl 


x 


M 


Cl 


Cl 


(I) 


Cl 



(II) 


Pig. XI 
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Table X. 


v i 

Compounds of and S 2 N 2 and their melting point 

and colour 


S .No. 

Compound 

Colour(m.p. ) 

References 

1 

S 4 N 4 TiC1 4 

(RBr / 132) 

26 4, 266, 

266 

2 

S 4 N 4 2TiC1 4 

(RBr, - ) 

264 - 266 


3 

S 4 N 4 TiBr 4 

(DBr, 138) 

264, 267 


4 

S 4 N 4 TiF 4 

(0, 120) 

267 


5 

S 4 N 4 TiI 4 

(B, 100) 

267 


6 

S 4 N 4 VC1 4 

(Br, 190) 

263, 264 


7 

S 4 N 4 2FeCl 3 

(RBr, 80) 

267 


8 

Fe (NS) 4 

(B, - ) 

268, 271, 

272 

9 

Co (ns) 4 

(DV, - ) 

269# 271, 

272 

10 

Ni(NS) 

(DV, - ) 

27q, 271, 

272 

11 

Cu(NS) 2 

(Br, - ) 

273 


12 

(CuNS) 4 

(B, - ) 

273 


13 

Cu(NS) 2 C1 2 

(B, - ) 

273 


14 

S 4 N 4 CuC1 

(B, - ) 

274 


15 

S 4 N 4 C i uBr 

(B, - ) 

274 


16 

S 4 tJ 4 CuCl 2 

(B, - ) 

274 


17 

S 4 N 4 ZrCl 4 

(RO, 260) 

264, 267 


18 

S 4 N 4 NbC1 5 

GBr, 180) 

264 


19 

s 4 n 4 moci 5 

(Bl, - ) 

260, 275 


20 

Ag (NS ) 2 

(RBr, - ) 

273 


21 

s 4 V fC1 4 

(R, 140) 

267 
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22 

S 4 N 4 TaC1 5 

(R, 180) 

23 

S 4 N 4 WC1 4 

(Br, - ) 

24 

S .N .WBr . 

4 4 4 

(DaBr, 251) 

25 

S .N.WOC1 . 

4 4 4 

(DaBr, - ) 

26 

Pt(N 4 S 4 ) (PPh 3 

^ 2 

27 

Pt(N 2 S 2 ) (PPh 3 

^ 2 

28 

Pt (NS) 

(DaBr, 144) 

29 

Pt(N 2 S 4 ) (PPh 3 

^ 2 

30 

Hg(SN) 2 


31 

Hg(SN) 2 


32 

S 4 N 4 BF 3 

(DaR, 145-147) 

33 

S 4 N 4 bc1 3 

(OR, 138) 

34 

S 4 N 4 2BC1 3 

(OBr, - ) 

35 

S 4 N 4 BBr 3 


36 

s 4 n 4 aici 3 

(DaR, - ) 

37 

S 4 N 4 AlBr 3 

(0, 122°C) 

38 

S .N . 2AlBr« 

4 4 3 

(OBr, 144) 

39 

S 4 N 4 2GaC1 3 

(DR, 100) 

40 

S 4 N 4 2InCl 3 

(RBr, 100) 

41 

B 4^4"2 Bn ^"*"4 

(DR, 200-202) 

42 

S 4 N 42 s 118 r 4 

(DBr, 198-200) 

43 

S 4 N 4 2SbP 5 


44 

S 4 N 4 4SbF 5 

(g, 145) 

45 

S 4 N 4 SbC1 5 

(DR, 160-162) 

46 

S 4 N 4 2SbCl 5 



264, 267 

274, 267 

267 

267 

276 

276 

272 

276 

277, 278 
277, 278 
279/ 280 
262, 264, 280 
262, 264, 280 
280 
281 
281 
265 
267 
267 

264, 275 

282, 283 

284, 285 

284, 285 

262., 264, 275 

262, 264, 275 

U. i. ft Aft PlJIt 

CENTRAL UBHAfty 
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47 

S 4 N 4 2SbBr 3 

284 


48 

S 4 N 4 2SM 3 

284 


49 

S 4 N 4 S0 3 

286, 

287 

50 

S 4 N 4 2S0 3 

286, 

287 

51 

S 4 N 4 4S0 3 

286, 

287 

52 

S 4 N 4 SeCl 4 (Y, 127-129) 

262 


53 

S 4 N 4 Se 2 C1 2 (Y ' - } 

265 


54 

S 4 N 4 SeC1 4 S °3 

264 


55 

S 4 N 4 TeCl 4 (DR, 140°C) 

262 


56 

S 4 N 4 TeB 4 

288 


57 

S 4 N 4 TeC1 4 BC1 3 

264 


58 

S 4 N 4 TeC1 4 SbC1 5 

264 


59 

S 4 N 4 TeCl 4 S0 3 

264 


60 

S 4 N 4 SnC1 4 POC1 3 

289 


61 

s 3 n 2 cp 3 con (Y, - ) 

290 


62 

S 3 N 4 AsPh 3 

291 



witnin brackets the letters indicate the following colours 
and the numbers for melting point in °C. 

B= black; Bl= blue; Br= brown; D= deep; Da= dark; 

Y= green; 0= orange; R= red, V= violet; Y=yellow. 

The chemistry of the N 2 S 2^^0 / S 3 N 3~ [293-296] , S 4 N^ + 

£ 297-311^ , S 4 N 4 ” (123,311-3133 / S 4 N 5 “ [295,296,314,3153/ 
(S 5 N 5 ) + 7311,316, 317*3 and S 5 N 6~fi l V 


have also been studied. 
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Transition Metal thionitrosyl complexes 


Recently, there has been a considerable upsurge in the 
study of transition metal thionitrosyl complexes. This is 
partialy due to the increase in understanding of the way 
in which NS binds to a metal. Similar to nitrosyl complexes, 
there are three principal bonding modes in thionitrosyl 
complexes: (a) terminal, linear M-N-S groups (b) terminal, 
bent M-N-S groups and (c) bridging NS groups. In case (a) the 

4 - 

thionitrosyl ligand can be represented as coordinated "NS " 
and in (b) , as coordinated "NS - ". 

It is convenient to classify MNS complexes by the 
number of d type electrons present in the complex. Thus, 

MNS complex with n number of d electrons of M plus the number 
of electrons in the TT orbitals of NS (or more conveniently, 
n is the number of d electrons if the thionitrosyl is regarded 
as being coordinated as NS + ) would be written as ^MNS^ n . 

This classification scheme will be used throughout the 
remainder of this review. 


Seven Coordination 


The compounds £mo(NS) {^^CNR^^Q / 
have been shown to be seven coordinated 
prepared by treating dioxo complex. 


(r 2 =M e 2 , Et 2 , (CHj) 4 ) 

i>18-3}53 . These 

MoO 0 ( S 0 CNR 0 > wi th 
2 2 2 25 


were 
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trimethylsilylazide in acetonitrile under reflux. It seemed 
likely that this reaction proceeds via intermediate formation 
of a nitrido complex and subsequently the nitrido complex 
( TmoN(S 2 CNR 2 ) 3 ' reacts with elemental sulfur in refluxing 
acetonitrile to give the thionitrosyl complexes. 


mon(s 2 cnr 2 ) 3 


CH CM 

; — J > MO(NS) (S 2 CNR 2 ) 3 

reflux 


(yield could be improved by using propylene sulphide) . 


These complexes are yellow, stable in air, diamagnetic 
and nonconducting in 1, 2-dichloroethane solution. The 'H nmr 
spectrum of |__Mo(NS) (S^NMeg) in nitrobenzene at room tempera- 
ture shows a 1:2:3 triplet due to the dithiocarbonate methyl 
group. The structure of ] Mo(NS) (S 2 CNMe 2 ) ^ has been described 

as pentagonal bipyramide with the thionitrosyl group in one of 

4 

the apical positions. The M-N-S angle for this MNS complex 
is 172.0(7) The structure is shown schematically in 

Fig. XII. 


MedTC, 


0 s >1 


2 j ^ 


■CNMe , 


C 

Me 2 N 


Xt| 
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In the thionitrosyl complex the Mo-N bond length (1,74A°) 
is longer than in the nitride (l.64A°) , as would be expected 
specially, if the thionitrosyl ligand behaves in a manner 

-f 

analogous to the NO ligand, as the almost linear Mo-N-S 


system implies. A comparision between thionitrosyl complex 


and the analogous molecule 
in Table XI. 



is summarized 



TABLE XI 


Complex 

Mo-N distance 

M-N-X 

MO (NS) (S 2 CNMe 2 ) 3 

1.7 3A° 

173.2° 

MO (NO) (S 2 CNBu 2 ) 3 

1 . 7 4A° 

172.0(7) 


The Mo-N bond distance and M-N-X angle are equal, 
within the limit of experimental error. Thus it would seem 
that the NS and NO ligands are quite similar. The N-S distance 
in the free NS ligand £322*3 or the value calculated from the sums 
of covalent radii for an N=S double bond or even values found 
in a variety of compounds purporting to contain N=S partially 
multiple bonds £323] is smaller than the N-S distance (1.59A°) 
in the Mo (NS) (S 

derable degree of H — NS "TMoack bonding. 


CNMe 2 ) 


which is consistent with a consi- 
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The thionitrosyl sulfur in these complexes can be 
alkylated with triphenylmethyl tetrafluoroborate to 
give [mo(nSCP 3 ) (S 2 CNR 2 ) 3 n , BF 4 ^319,3253 . 

Six Coordination 

All six coordinate complexes so far prepared are 
J Xslo- 

mondnitrosyls . 

Ruthenium Complexes 

Only two thionitrosyl complexes of ruthenium, (one with 
triphenylphosphine and one with triphenylarsine) , are so far 
known which were prepared by the reaction of RuCl ,XH 2 0 with 
(NSC1) 3 in THF or in CC1 4 -CHC1 3 mixture in the presence of 
triphenylphosphine and triphenylarsine 325 . (in THF or 

in CHC1 3 -CC1 4 mixture, the trithiazyltrichloride probably 
act as a solvated monomer) . 

RuC 1 3 XH 2 0 + -^(NSCl)^L Ru(NS)C1 3 L 2 (63) 

(L = PPh 3 or AsPh 3 ) 

The i.r. spectra showed a strong sharp absorption bands in 
the 1290-1295 cm - ^ region assigned to l^ N g» ' C '* r:ie com Pl exes 
are air stable, non conducting in nitrobenzene and are 
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diamagnetic. The structure of Ru(NS) Cl^ (AsPh^) 2 ^ as been 
determined by X-ray crystallography 3 26^ . Full details of 
structure have not yet been published. The Ru-N-S angle 
is 179° suggesting that the NS ligand is functioning as a 
three electron donor. Thus, these six coordinate (RuNS) Q 
complexes have been regarded as complexes between Ru(ll) 
and NS + . The metal ligand bond was considered, by analogy 
with the NO , to be formed by donation of electrons from 
nitrogen to the metal and back donation from the filled metal 
d-orbitals to “If (NS) orbitals. 


Rhodium Complexes 

Six coordinate complexes of the type Rh( CO) (NS) C1 2 L 2 
(L=PPh 3 or AsPh^ ) have recently been reported j327,328^J. 
Trithiatrichloride reacts with trans Rh(CO)ClL 2 in tetra- 
hydrofuran to produce the diamagnetic, nonelectrolyte, 
Rh(CO) (NS) C1 2 L 2 complexes. 

1 TfTV 

Trans Rh(C0)ClL o + -(NSC1) , — ■ > Rh(CO) (NS) C1_L_ 

2 3 3 2 2 

The reaction of RhH(CO) (PPh ^) 3 with (NSC1 ) 3 in carbon 
tetrachloride-chloroform mixture gives a deep green chloro- 
bridged complex, ^Rh(CO) (NS) Cl 2 (PPh 3 )3 2 which on reaction 
with excess triphenylphosphine or triphenylarsine in 
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dichloromethane yields yellowish orange complexes 
^Rh(CO) (NS)C1 2 L^0.5CH 2 C1 2 L=PPh 3 or AsPh 3 as a result 
of cleavage of chloro bridge. Their infrared spectra 

— 1 ) J 

showed absorption bands in the range 2100-2110 cm ( ^ C q) * 
1 “1 

1118-1120 cm*" ( a* "3 330 cm” (terminal Cl^ * In 

the spectrum of the green complex a band appeared at 260 cm” 
which is assigned to bridged The diamagnetism of 

complexes indicate the oxidation state of rhodium either 
+ 1 or +3. The high Isqq frequency ( I^qq* 2100 cm in 
these complexes as compared to that in original compound 
( j/ , 1960 cm”^) suggested +3 oxidation state of the 
rhodium. The shifting of the qq band towards higher 
wave numbers may possibly be due to the strong o ‘-bonding 
trans effect of the trans NS” group. Thus, these six 

g 

coordinate, bent, (RhNS) complexes have been regarded as 
complexes between Rh(IIl) and NS”. The probable structures 
of Rh(CO) (NS) Cl 2 (PPh 3 ) 2 (I) and Rh(CO) (NS) C1 2 L 2 (II) are 



N 

cl xV 

Ph 3 P l 
CO 


PPh 3 

Cl 


l 1 ) 


(IT) 


Fig. XIII 
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The* reaction of compounds Rh(CO) (NS)C1 2 L 2 with N0C1 in C H 2 C1 2 
afforded corresponding nitrosyl complexes Rh(CO)Cl 2 L 2 
(l = PPh^ or AsPhg") 


Rhenium Complexes 

Reactions of S 2 C1 2 with jReCl 2 (PRPh 2 ) 2 (Jj^=Ph or Pr 11 ) 
give thionitrosyl complexes/ ReCl^ (NS) (PRPh 2 ) 2 « The complexes 
J ReX 2 N(PR 3 ) (^PR 3 = PMe 2 Ph/ PEt 2 Ph or PMePh 2 ; X=C1 or Br) 
react with half an equivalent of S 2 C 1 2 to give the thionitrosyl 
jjReClX(NS) (PR 3 ) 3 ^ . Reaction of nitrido complex ReCl 2 N (PR^) 
with an excess of S 2 C ^2 or SC ^2 9 ave derivatives 

^eCl 3 (NS)(PR 3 )^ . The formation of thionitrosyl from nitrido 
and S 2 C 1 2 is possibly according to the scheme given in 
equation (64) J319., 329^ . 


^ReCl 2 N(PR 3 ) 3^ + 0.5S 2 C1 2 


^ReCl 2 (NS) (PR 3 ) JJ + Cl 


(64) 


|_Re (NS) Cl 2 (PMe 2 Ph) ^reacts with K(CNS) or Na(S 2 CNMe 9 ) . 
jRe(NS)Cl 2 (PMe 2 Ph) KCNS (Re (NS) Cl(NCS) (PMe 2 Ph)^-KCl 


(65) 


[Re (NS) Cl 2 (PMe 2 Ph)^+ Na(S 2 CNMe 2 ) 




(Re(NS)Cl(PMe 2 Ph) 2 (S 2 CNMe 2 )Jp_NaCl ( 66 ) 
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Reaction of S 2 C1 2 with /ReCl(N) ( dPPe) J^Cl (dPPe=Ph 2 PCH 2 CH 2 PPh r 


yields ^Re(NS) Cl(dPPe)^Cl which reacts with FeCl 
L 4 “ or PP 6 

^Re(NS)JCl(dPPe) ^1 + FeCl 


0 or NH.PF, 
3 4 6 


to give FeCl,,” or PF C *“ salts according to equations 


> l Re (NS) Cl (dPPe) ^ + ^FeCl^ 


(67) 


^Re(NS)CKdPPe) 2 \ Cl + NH 4 PF 6 (Re (NS) Cl ( dPPe)*^ |pf^ + 


nh 4 + Cl" 


The salt ^Re(NS) Cl (dPPe) ^ (S 2 CNEt 2 > is prepared by the 
reaction of ^ReCl(N) (dPPe) ^ Cl and Na (S 2 CNEt 2 ) • 

Re (NS) Cl (dPPe) 2 L (L= Cl, FeCl 4 or PF^.) are yellow and have 
conductivities in nitrobenzene typical of 1:1 electrolytes. 


In the infrared, a single strong peak observed in the region 

— 1 + 

1167-1185 cm confirms the presence of the NS group in these 

compounds . 

The hydrogen -1 n.m.r. spectrum of (jReNSCl 2 (PMe 2 Ph) 
shows two triplets and a doublet in the tertiary phosphine 
alkyl group region, indicating a meridional configuration 
for the phosphine ligands with the NS group trans to Cl, 

An x-ray crystal structure analysis of the analogous nitrosyl 
complex |Re(NO) Cl 2 (PMe 2 Ph) shows the M-N-0 system to be 
essentially linear with Re-N-0 178.8 (1.4)° £33cfj , It is 
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therefore extremely likely that the thionitrosyl analogoues 
are is ©structural with linear NS groups. 


Cl N, _^Me 2 Ph 


PhHe 9 P ^ I ' PMe 0 Ph 

Cl 2 


shows 


(II) 

Fig. XIV 

The H n.m.r. spectrum of j^Re(NS) Cl (S^CNIM^) (PMe 2 PhT| 
a singlet in the dithiocarbamate methyl region and a pair 
of doublets in the tertiary phosphin alkyl group region, 
indicating configuration (ill) . 

! 



v. r (III) 

Fig. XV 

The complexes, |Re(NS) Cl 3 (PR^) ^ are paramagnetic with magnetic 
moments in the range 1.84-2.01 B.M. These values are close to thatf 
found for the analogous complex [Re (NO) Cl^ (PMe^Ph) • 


62 


Osmium Complexes 

Green complexes of osmium have been reported as a 
result of reactions of OsX^NL^ (L=AsPh 3 , PMe 2 Ph^ or 
2 bipy (2,2' bipyridyl) with half an equivalent of S 2 C1 2 . 
Addition of pyridine (P ) to a methylene chloride solution of 

-J* 

the product formed by reaction of salt (NBu^) £ OsCl^sT] with 
S 2 C1 2 / gives greenjos(NS) C1 3 (P ) ^£*310 . The osmium thioni- 

trosyl complexes, |0s (NS) Cl^L^ i,L=PPh 3 or AsPh^) were prepared 
by the action of trithiazyl trichloride in THF with osmium 
trichloride in presence of triphenylphosphine or triphenylarsine 
respectively |325^ 

(NSC1) (THF) t 

0sC 1 3 + 2L Os(NS)Cl 3 L 2 (68) 

L = PPh 3 or AsPh 3 


These complexes are diamagnetic and non electrolyte. 


In their infrared spectrum, a strong band is observed in the 
range 1270-1282 cm indicating that the thioni trosyl group 

-l- 1 

is coordinated as NS , The H n.m.r. spectrum of 


jos (NS) Cl 3 (PMe 2 Ph) ^ shows a triplet due to the tertiaryphosphine 
methyl groups. This is consistent with the Fig, XVI 


with trans virtually coupled phosphorus ligands 



TABLE XII. Six Coordinate thionitrosyl complexes 


Compound 


Ru(NS)Cl 3 (PPh 3 ) 
Ru(NS)Cl 3 (AsPh 3 ) 2 
Rh(CO) (NS)Cl 2 PPh 3 2 
Rh(CO) (NS)Cl 2 (PPh 3 ) 2 0.5CH 2 C1 2 
Rh(CO) (NS)Cl 2 (AsPh 3 ) 2 0.5CH 2 C1 2 
Re(NS)Cl 2 (PMe 2 Ph) 3 
Re (NS) Cl 2 (PEt 2 Ph) 3 
Re(NS)Cl 2 (PMePh 3 ) 3 
Re (NS) ClBr(PEt 2 Ph) 3 
Re (NS) Cl(SCN) (PMe 2 Ph) 3 
Re(NS) Cl(S 2 CNMe 2 ) (PMe 2 Ph) 2 
^Re(NS) Cl(dppe) ^C1 
[Re (NS) Cl(dppe) ^PFg 
^Re(NS) Cl(dppe) ^FeCl 4 
[ Re(NS) Cl (dppe) ^ S 2 CNEt 2 
[Re (NS) Cl 3 (PHe 2 Ph) ^ 
[Re(NS)Cl 3 (PEt 2 Ph) ^ 
Re(NS)Cl 3 (PMePh 2 ) 2 
Re(NS)Cl 3 (PPh 3 ) 2 


Colour 

N-S strete- 
ching freq- 
uencies 

-1 

cm 

Refs . 

red brown 

1290 

32 5 

red brown 

1295 

325/ 326 

green 

1118 

327 

orange red 

1120 

327, 328 

orange red 

1120 

328 

pink 

1180 

319 

pink 

1167 

319 

pink 

1172 

319 

pink 

1168 

319 

red pink 

1177 

319 

yellow brown 

1150 

319 

yellow 

1185 

319 

yellow 

1177 

319 

yellow 

1173 

319 

yellow 

1183 

319 

purple 

1228 

319 

purple 

1230 

319 

purple 

1220 

319 

purple 

1214 

319 
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Re (NS) Cl 3 (PPr n Ph 2 ) 2 

purple 

1226 

319 

Os(NS)Cl 3 (PPh 3 ) 2 

green 

1285 

325 

Os(NS)Cl 3 (AsPh 3 ) 2 

green 

1282 

319/ 32 5 

Os (NS) Cl 3 (PMe 2 Ph) 2 

green 

1285 

319 

Os (NS) Cl 3 (bipy) 

green 

1282 

319 

os(ns)ci 3 (p 4 ) 2 

yellow green 

1284 

319 

Os(NS)ClBr 2 (AsPh 3 ) 2 

green 

1270 

319 

Os (NS) CIBr (bipy) 

green 

1280 

319 


Ir (CO) (NS)Cl 2 (PPh 3 ) 2 


orange 


1120 


331 
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that the Vaska's complex in solution takes up oxygen from 
the atmosphere to form oxygen complex which on reaction with 
(NSC1) ^ forms thionitritoiridium complex. 

Five Coordination 

These thionitrosyl complexes are amongst the very 
few examples of five coordination they are thionitrosyl 
derivatives of rhodium triphenylphosphine of general formula 
Rh(NS) ClXtPPh^) 2 Br ) £^32^. They are prepared by the 

reaction of RhXCPPh^) 3 with trithiazyl chloride in THF as red 
brown amorphous solid which are diamagnetic and nonconducting 
in nitrobenzene. Rh(NS) Cl^ (PPh^) 2 is a lso prepared by action 
of Rh(NS) (PPh^) ^ with chlorine gas ^33l3 • The i.r. spectra 
of these complexes showed a absorption band in the region 
1117-1120 cm"^ which was assigned to V NS . By analogy with 
nitrosyl complex Rh(NO) Cl 2 (PPh 3 ) 2 the thionitrosyl complex 
Rh(NS) Cl 2 (PPh 3 ) 2 may have the structure. 



They are covalent in nature and soluble in benzene, chloroform 


and dichloromethane 
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Four Coordination 


There are two compounds in this class, one each of 
chromium and rhodium. The action of trithiasyl trichloride 
on Na ^T^-C^H^Cr (CO) ^ in tetrahydrofuran gave di-carbony 
( On cyclopentadinyl) thini trosyl chromium (I ) ny-CgH^Cr (CO) 2 (NS) 
as dark red violet, diamagnetic solid ^333-335~\ 




Na 


^ 5 -(C 5 H 5 )Cr(CO)^j + |(NSC1) 


THF 


} Jo^-C 5 H 5 Cr(CO) 2 ¥SS] 
+ CO + Na cf (69) 


Its i.r. spectrum shows three strong bands attributable 
to terminal CO and NS groups . 


The structure of 


j-(C c H K ) Cr (CO) 0 NS~jhas been 


' 5 “ 5 ' y 

determined by x-ray crystallography ^334,330 and is shown 

schematically in (Fig. XVI) . Its molecular geometry Is similar 

to that exhibited by molecules £ o^-C^H^Mn (CO) .^336 J and 

(T^-C 5 H 5 Cr(CO) 2 NO)3 338 and the Cr-C (cp) , Cr-C (O) and 

C-0 bond lengths are comparable to those found in other 

cyclopentadienyl cromium carbonyls [ 3373 » The Cr-N-S angle ' 

is 176.8(2) (Table XIII) suggesting that the thioni trosyl 

ligand coordinates essentially linearly to the metal via 

the nitrogen atom. Hence the thionitrosyl group can be 

considered to be bonded as NS + , a mode of coordination that 

is directly analogous to metal- thiocarbonyl bonding 
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A comparison of the spectroscopic properties of the 
compounds (nj -C 5 H 5 )Cr(C0)lCC(X=0 / S) % suggests that the NS 
ligand is more effective in removing electron density from 
the central atom than is the NO ligand. 



NS 


O 


Fig. XVIII 


The reaction of 


( 


and NOPFg gave the nitrosyl complex t. oj 

and a water sensitive, green black solid 
5 


-C c H c ) Cr (CO) 2 (NS) with NOC1 
5 




-C 5 H 5 )Cr(NO) 2 C1 


l Aj-C 5 H 5 )Cr(CO) (NO) (NS) J PF g 


The rhodium thionitrosyl Rh(NS) (PPh^) 3 i s prepared 
by action of trithiazyltrichloride in THF with hydrated 
rhodiumtrichloride in the presence of excess of triphenyl- 
phosphine and granulated zinc (j331^ 

Zn, (NSC1) 3 

RhCl_3H o 0 + 3PPh- > Rh(NS) (PPh.) o (70) 

* 32 3 THF, 60°C 3 3 



Table XXII. Four Coordinate Thionitrosyl Complexes 
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TABLE XIV. Crystallographic Data on ( -Cr(CO) 2NS 


Bonds and angles 

Values A or degrees 

Cr-*ti 

1.694(3) 

Cr-C(O) 

1.883(3) 

C-0 

1.131(3) 

N-S 

1.551(3) 

jcr-N-S 

176.8 (2) 

[cr-C-0 

178.1 (2) 

jc( O)-Cr-C(O) 

92.4 (2) 

[c(O) -Cr-N 

94.8 (1) 
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Reaction of Rh(NS) (PPh 3 ) 3 with chlorine gas afforded 
a reddish brown compound Rh(NS) Cl 2 (PPh^) 

Rh(NS) (PPh 3 ) 3 + Cl 2 ^ Rh(NS)Cl 2 (PPh 3 ) 2 + PPh 3 

It is pink coloured, diamagnetic and nonconducting crystals. 

-1 

Its i.r. spectrum showed a strong absorption band at 1120 cm 
which is assigned to 


Bridged thionitrosyl complex 

The reaction of a carbontetrachloride solution of 
(NSC1) 3 with Rh (NO) Cl^ (PPh 3 ) ^ in CHC1 3 under argon atmosphere 
produces a thionitrosyl bridged complex jjRh(NS) Cl 2 (PPh 3 )J 2 
^3 3 8) which is air stable diamagnetic and nonelectrolyte 
in solution. Its i.r. spectra (Fig. XIX) did not show 

any band due to ^(no) 1630 cm” 1 but a new slightly 

-1 

broad band at 840 cm appeared which was attributed to the 
bridging thionitrosyl groups. These results were interpreted 
as the replacement of NO group in the compound by the NS. 

The broadening of the 840 cm band was suggested to be due 
to the two NS bands V (NS) and (NS) appearing 

3.S S y 

close together. NS bridge in the compound were further 
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proved by reacting it with PPh 3 and AsPh 3 which resulted 
in the NS bridge cleavage. 



The i.r. spectra of Rh(NS) Cl 2 (PPh 3 ) L (L=PPh 3 or AsPh 3 ) 

showed a characterstic band of terminal NS group at 

-1 

1120 cm which further conforms with the fact that the 
band at 840 cm” 1 in complex J^Rh(NS) Cl^ (PPh 3 )j ^ is a 
characterstic band of bridging thionitrosyl group. 
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Infrared Spectra 

Spectra of the compounds were recorded with a Park in- 
Elmer 580 Infrared Diffraction Grating Spectrophotometer in 
the 4000-200 cm range. Samples were prepared as KBr and 
Csl pellets* 

Conductivity Measurements 

Conductivity measurements of the compounds were made 
in the Elico conductivity meter type CM-80 of millimolar 
solutions in nitrobenzene. 

Magnetic Susceptibility Measurements 

These measurements were made using a Gouy balance at 
room temperature (30°C). 

Melting Points' 

Melting points of the compounds were recorded on a 
Fisher- Johns melting point apparatus. The results are recorded 
in Table II. 1, 

Results and Discussion 

(NSC1) (solvent) reacts with RhHCPPh^)^ to give a 
brown chlorobridged complex /_Rh(NS) C^ (PPh-^ 2 • T ^e 

interaction of (I) with triphenylphosphine in CHgC^ gave 
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a brown complex, Rh(NS) C± 2 (PPh 3 ) 2 (II) . The infrared spectra 
of both the complexes I and II showed absorption bands 
1118-1120 cm""'*' ( i/ N g) and 330 cm”'*' (terminal j/ c ^) 

(Pig. 1 and 2) . In the spectrum of I a band appeared at 

-1 

260 cm which was not present in II. This band is assigned 
to bridged C p. Both the complexes are non conducting 

in nitrobenzene, diamagnetic and air stable. The diamagnetism 
of complexes indicates the oxidation of rhodium is either 
+1 or +3. The values of ( 1120 cm”'*') are in the range 

which has been reported for terminal bent coordinated thionit- 
rosyl group jj-O'j . 

Both the complexes I and II are soluble in benzene, 
dichlorome thane, chloroform and insoluble in petroleum 


ether and hexane 
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CHAPTER II 

THIONITROSYL COMPLEXES OF RHODIUM (ill) 

It has been known for many years that nitricoxide 
can coordinate to transition metals in a wide range of 
oxidation states to form metal nitrosyl ^T, 2~J, Analogous 
thionitrosyl complexes are markedly less abundant, a fact 
which reflects primarily the present lack of reagents which 
can be utiliged to introduce the thionitrosyl group into a 
transition metal. Chatt, et.al. have reported the syntheses 
of thionitrosyl complexes of molybdenum, rhenium and osmium, 
containing linear thionitrosyl groupj_3-5jj and Legzdins, et.al, 
orgonomatallic thionitrosyl complexes of chromium containing 
linear thionitrosyl group ]j5-8^J we have reported the thionitrosy 
complexes of Ruthenium (ill) , Osmium(ll) , Rhodium(lll) and 
Iridium(lII) , having three principal modes of bonding linear, 
bent or bridged , by the reaction of trithiazyl trichloride/ 
which acts as a solvated monomer in THE or CCl^-CHCl^ [9-13J. 
This chapter describes the syntheses of thionitrosyl complexes 
of rhodium(lll) by the reaction of hydridotetrakis (triphenyl- 
phosphine) rhodium(l) with trithiazyltri chloride in CCl^-CHCl^ 
mixture. These compounds have been characterized by various 
physico chemical methods and their geometries have been 
proposed. 
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EXPERIMENTAL 


All the reagents used were of analar or chemically 
pure grade. All the solvents were dried and freshly distilled 
before use. The preparations were performed under the 
atmosphere of arcr on. . 

Hydridotetrakis (triphenylphosphine) rhodium(l) and 
trithiazyl-trichloride were prepared according to the methods 
described in the literature £l4,15j . 


Preparation of Complexes 
^Rh(NS)ci 2 (PPh 3 5 2 


A yellow solution of (NSC1) 3 in CC1 4 (20 ml) was 
added dropwise to a stirred solution of ^RhH(CO) (PPh 3 ) (0.2g) 
in CHCl^ at room temperature. .The mixture was stirred for lh 
more followed by evaporation of solvent under reduced pressure. 
The residue was extracted in benzene. On adding petroleum 
ether to the benzene extract/ a brown compound ^Rh(NS) Cl^ (PPh^J 2 
(m.p. 215 C) was precipitated which was centrifuged out and 
washed with petroleum ether and water and dried in air. It 
was recrystallized from benzene-petroleum ether (1:3). Similar 
result was observed by using tetrahydrofuran inplace of 


CC1 4 -CHC1 3 



Table II. 1. Analytical data, melting points, colours and i 





